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BACKGROUND OF THE INVENTION 

This invention relates to a therapeutic agent for the treatm nt of cancer which forms mboli in the 
vascular system surrounding the cancer lesion or tumor. The agent comprises an intravascular emboiizing 
5 substance and an angiogenesis-inhibiting substance. 

Embolization techniques have been utilized, especially for the treatment of inoperable or unresectable 
tumors. For example, embolization has been used to occlude the nutrient artery feeding the tumor, by 
administering an intravascular emboiizing agent. Chemo-embolization techniques have also been utilized. In 
this case, antineoplastic agent in combination with an intravascular emboiizing agent have been admin- 
io istered to maintain the concentration of the antineoplastic agent high in tumors or cancers. 

As intravascular emboiizing agents to be used for the above-mentioned purpose, there have been 
known degradable starch microspheres (DSM) (Cancer, 50. 631 (1982). lipiodol (Cancer Res.. 44, 2115 
(1984), crosslinked collagen fibers (Cancer, 46, 14 (1980)), ethyl cellulose microcapsules (Cancer. 46. 14 
(1980)). among others. 

75 In these therapeutic methods, however, even the tumor-dominating artery is occluded, since the tumor 
regenerates by the formation of collateral artery caused by secretion of the tumor-induced angiogenesis 
factor, there is a fear that satisfactory cancer-suppressive effect would not be expected. Circumstances 
being such as above, the present inventors have tried to develop an intravascular emboiizing agent 
containing an angiogenesis-inhibiting substance, which is capable of further improving the therapeutic effect 

20 by embolization. 

The object of this invention is to provide an intravascular emboiizing agent which is characterized by 
containing an angiogenesis-inhibiting substance and an intravascular emboiizing substance, and is capable 
of enhancing cancer-suppressive effects caused by embolization. The present invention provides an 
intravascular emboiizing agent to be administered singly or. in combination with an anti-neoplastic agent, 
25 which brings about stronger cancer-suppressive effects. 

It has further been unexpectedly found that the cancer-suppressive effects could be enhanced by 
having an angiogenesis-inhibiting substance included in an intravascular emboiizing agent, in a dosage less 
than that of single administration of an angiogenesis-inhibiting substance. 

30 SUMMARY OF THE INVENTION 

The present invention is to provide an intravascular emboiizing agent containing an angiogenesis- 
inhibiting substance and an intravascular emboiizing substance. 

The agent, with the administration of a relatively small dosage amount, enhances the anti-tumor effect 
35 of the angiogenesis-inhibiting substances. The addition of small doses of angiogenesis inhibiting substances 
also enhances the anti-tumor effect of intravascular emboiizing agents. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

40 The angiogenesis-inhibiting substance used in the present invention means a substance performing 
angiogenesis inhibitory action. For example, it may perform inhibitory action in any of the stages of the 
following angiogenesis mechanism. 

1) Angiogenesis factor is secreted or exuded in the tissue where tumor exists. 

2) Angiogenesis factor increases the activities of proteases in endothelial cells of blood vessel, such as 
45 plasminogen activator, plasmin. collagenase. etc. 

3) Activated protease decomposes the basement membrane surrounding blood vessels. 

4) Endothelial cells emigrate toward angiogenesis factors, and they proliferate at the backside of the 
blood vessels. Endothelial cells form a capillary like tube arranged lengthwise. 

5) Resulting vascular sprouts are connected and form a loop, 
so 6) Blood flows in the loops. 

7) Pericytes are observed outside the blood vessels, forming new basement membrane. 
The angiogenesis-inhibiting substance means the substance which does not act directly on tumor cells 
but suppresses tumor growth by inhibiting angiogenesis of tumors, e.g. inhibiting growth of the blood 
vessels necessary to support solid tumors. The angiogenesis-inhibiting substance thus has an action 
55 different from that of conventional anti-tumor agents (Nature. 348, 555 (1990)). 

Examples of angiogenesis-inhibiting substanc s include" extracts from cartilage tissue showing 
collag nase-inhibiting activity (Science. 22. 1185 (1983)), protamine (Nature. 297. 307 (1982)). angiostatic 
steroid (Science, 221^, 719 (1983)), protein obtained from retinal pigment pitheliil cells (Arch. Ophthalmol., 
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BTzyme. 33. 1803 (1988). 'Jf/J ^ 8 (19 87)). drugs exerting influence on collagen 

ribonucleic, inhibitors (Proa N *£ ! J^ U ^£ §}; ^ and Lab. Invest.. 59. 44 (1988)). complexes 
m etabolism (Biochem. Oophys. Res. ^^l^' e" j P a-S63(1988). 119500). gold preparations tor 

, of sulfuric P°>y* acchar %^ by microorganisms d e.g. 

S^S^S"- SSSKT^ synced (EP-A-35903, EP-A-3570S1. EP-A- 
3 ^ fl rXU natives are preferable, for example, fumagil.o, derivatives represented by 

to the general formula (I) 
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serein R 1 stands for hydrogen ff stand ^Jf^^^^^roc^ residues or 
Wtf-X- (wherein R 5 . R 6 and R 7 respecter -^J^^O or 1 n denotes an integer of 0 
heterocyclic groups. X" stands for counter anion, m denotes which form M ring 

to 2, and. R* and tf may form N-contamng nngl rin 9 may have substitu ents). or 

r hy ?^ — acyi 9roupl are 

"TS EE- formula 0). - ~ -ft ^SM* ^ " " 
rationed. And. when a bond is formed w rt L^i^SHd hydrocarbon residues shown by *. 

Examples of the hydrocarbon ^^^XSZS^L ^ Dropyl - iS ° pr ° Py1, bU,y '' 

tf or R' include straight-cham or branched fyl ^™ ( y vinyl , a „ yl , 2 . b utenyl. methyl 
isobutyl. sec-butyl, pentyl. isopenty hexyl. J ^ propargyl. 2-butyn- 

phenethyl. etc.). and ft-,, aryl groups fehenyl n^mhyl. etc* sh()wn by RS> R < or R r 

Examples of the heterocyclic nng of the ^^jf*™"™**^* (e.g nitrogen, oxygen, sulfur, 
include 5- or 6-membered ^^Z^ri^y^^^^ 1-ethy.-5-te«razo.yl. 

„ nndkM-l-X. (*«**»■ ««««*»• 3*k~» * torn.) by H» ana R' MgaM 1* 
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1.3-dihydrothieno[3,4-c]pyridin-2-yl, 5,7-dihydrothieno[3.4-b]pyrazin-6-yl, 57-dihydrothieno[3.4-d]pyridazin- 
6-yl, etc.). 

Examples of the lower alkyl gr up of the optionally substituted lower aJkyl group shown by R 8 include 
Ci-s alkyl groups (e.g. methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s c-butyl, pentyl. isopentyl. hexyl, 
5 etc.). 

Examples of the aryl group of the optionally substituted aryl group shown by R 8 include Cs-i C aryl 
groups (e.g. phenyl, naphthyl, etc.). 

Examples of the optionally substituted hydrocarbon residue shown by R 4 include optionally substituted 
hydrocarbon residues described in detail as those shown by R s , R* and R 7 . 
70 Incidentally, when the hydrocarbon residue shown by R* is an alkenyl group, it is preferably unsub- 
stituted. 

Examples of the optionally substituted acyl group shown by R* include residues of acids as exemplified 
by optionally substituted carboxylic acid acyl. sulfonic acid acyl, carbamoyl, thiocarbamoyl or sulfamoyl. 
More specifically, they are optionally substituted alkanoyl. aroyl, heterocyclic carbonyl, carbamoyl, thiocar- 
75 bamoyl. arylsulfonyl, alkylsulfonyl, sulfamoyl, alkoxycarbonyl, aryloxycarbonyl, among others. 

Examples of the alkanoyl group of the above-mentioned optionally substituted alkanoyl include Ci - 6 
alkanoyl groups (e.g. formyl, acetyl, propionyl. isopropionyl, butyryl, pentanoyl. hexanoyl, etc.). 

Examples of the aroyl group of the optionally substituted aroyl include C7- ■ aroyl groups (e.g. 
benzoyl, 1-naphthoyl, 2-naphthoyl. etc.). 
20 Examples of the heterocyclic carbonyl group of the optionally substituted heterocyclic carbonyl include 
5-or 6-membered heterocyclic carbonyl groups (e.g. 2-furoyl. 2-thenoyl, nicotinyl. isonicotinyl, etc.) contain- 
ing 1 to 4 hetero-atoms (e.g. nitrogen, oxygen, sulfur, etc.). 

Examples of the arylsulfonyl group of the optionally substituted arylsulfonyl include Ce-io arylsulfonyl 
groups (e.g. benzenesulfonyl, 1-naphthylsulfonyl, 2-naphthylsulfonyl. etc.). 
25 Examples of the alkylsulfonyl group of the optionally substituted alkylsulfonyl include Ci- 6 alkylsulfonyl 
groups (methylsulfonyl, ethylsuifonyl, etc.). 

Examples of the alkoxycarbonyl group of the optionally substituted alkoxycarbonyl include C2-7 
alkoxycarbonyl groups (e.g. methoxycarbonyl, ethoxy carbonyl, isobutoxycarbonyl, etc.). 

Examples of the aryloxycarbonyl group of the optionally substituted aryloxycarbonyl include C7-11 
30 aryloxycarbonyl groups (e.g. phenoxycarbonyl, 1-naphthyloxycarbonyl, 2-naphthyloxycarbonyl, etc.). 

Optionally substituted hydrocarbon residues or heterocyclic groups respectively shown by R 5 , R 6 or R 7 , 
nitrogen-containing or sulfur-containing heterocyclic groups which are optionally formed by R 5 and R 6 
together with the adjacent nitrogen atom or sulfur atom or which are optionally fused, optionally substituted 
lower alkyl groups or aryl groups respectively shown by R 8 and optionally substituted hydrocarbon residues 
35 or acyl group (alkanoyl group, aroyl group, heterocyclic carbonyl group, carbamoyl group, thiocarbamoyl 
group, arylsulfonyl group, alkylsulfonyl group, sulfamoyl group, alkoxycarbonyl group or aryloxycarbonyl 
group) respectively shown by R 4 may have optionally 1-3 substituents at positions where such substitution 
possibly takes place. 

Examples of such substituents include Ci-s alkyl groups (e.g. methyl, ethyl, propyl, isopropyl, butyl, 

40 isobutyl. sec-butyl, pentyl, isopentyl, hexyl, etc.). C 2 -b alkenyl groups (e.g. vinyl, ally I. 2-butenyl, methylal- 
lyl, 3-butenyl. 2-pentenyl, 4-pentenyl, 5-hexenyl. etc.), C2-6 alkynyl groups (e.g. ethynyl. propargyl, 2-butyn- 
1-yl, 3-butyn-2-yl, l-pentyn-3-yl, 3-pentyn-1-yl, 4-pentyn-2-yl, 3-hexyn-1-yl, etc.), C 3 - 6 cycloalkyl groups 
(e.g. cyclopropyl, cyclobutyl. cyclopentyl. cyciohexyi, etc.). C 3 -& cycloalkenyl groups (e.g. cyclobutenyl, 
cyclopentenyl. cyclohexenyl, cyclohexadienyl, etc.), Ct- 10 aryl groups (e.g. phenyl, naphthyl, etc.). amino, 

45 Ci-s alkylamino groups (e.g. methylamino, ethylamino, isopropylamino. etc.). di-Ci-e alkylamino groups 
(e.g. dimethylamino. diethylamino, etc.), azido, nitro, halogen (e.g. fluorine, chlorine, bromine, iodine, etc.), 
hydroxyl, C1-4 alkoxy groups (e.g. methoxy. ethoxy, etc.). Ct-io aryloxy groups (e.g. phenoxy, naph- 
thyloxy, etc.), Ci- 6 alkylthio groups (e.g. methylthio, ethylthio, propylthio, etc.), C 6 -io arylthio groups (e.g. 
phenylthio, naphthylthio, etc.), cyano. carbamoyl group, carboxyl group, Ci -« alkoxycarbonyl groups (e.g. 

so methoxycarbonyl, ethoxycarbonyl, etc.), C7-11 aryloxycarbonyl groups (e.g. phenoxycarbonyl, 1-naphthylox- 
ycarbonyl, 2-naphthyloxycarbonyl, etc.), carboxy-Ci-4 alkoxy groups (e.g. carboxy methoxy, 2-carbox- 
yethoxy, etc.). Ci- 6 alkanoyl groups (e.g. formyl, acetyl, propionyl, isopropionyl, butyryl, pentanoyl, 
hexanoyl, etc.). C 7 -u aroyl groups (e.g. benzoyl, l-naphthoyl. 2-naphthoyl. etc.), C 6 -io arylsulfonyl groups 
(e.g. benzenesulfonyl. 1-naphthylsulfonyl, 2-naphthylsulfonyl, etc.). Ci-& alkylsulfinyl groups (e.g. methylsul- 

55 finyl. ethylsulfinyl, etc.), C&-10 arylsulfinyl groups (e.g. benzenesulfinyl, 1-naphthylsulfinyl, 2-naphtylsulfinyl, 
etc.), Ci-s alkylsulfonyl groups ( .g. methylsulfonyl, ethylsuifonyl, etc.), 5- or 6-membered heterocyclic 
groups containing 1-4 hetero-atoms (e.g. nitrogen, oxyg n, sulfur, etc.) (e.g. 2-furyl, 2-thi nyl, 4-thiazolyl. 4- 
imidazolyl. 4-pyridyl. 1 ,3,4-thiadiazol-2-yl, 1-methyl-5-tetrazolyl. etc.). 5- or 6-membered h t rocyclic car- 
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group, these groups may °^ 4 ^X 

nrtrogen-containing or the su.fur<onta,n,ng IM^W ^SJf be in the form of fused ring. 
* together with the adjacent nitrogen atom or ^^J.^ aryl groups sn0 wn by R» 
t he substituents at the respective* ^"l^^^ A™* af0yl 

and the substituents at the respecfvely ^T^^^g,^ ary isulfonyl group, alkylsulfonyl 
group, heteocyclic carbony group ca ba moyl gr W^J^rtTO 9 P ^ Rt ^ fae 
group, suifamoyi group altoxycar »nyl group * a^.oxyc accornmodate such substitution, 

substituted with opfonally up to J •^JTlSIutoen from the substituents listed above, 
and preferably have no s " b ^^ examples of the substituents A. 

These substituents may be elected among the l™™* 1 *™ . sulfate ion , phosphate ion. nitrate ion. 
halogen ion (e.g. iodide ion brom, £^ 

perforate ion. tetrafluoroborate ..on, methanesul ^.on.pto,y,s" ^ ^ ^ 

2^2— - — - ethyl succinate ion ' 

etC ) Whi,e the compound (I) has asymmetric center Jn ft. ^^^1^^^ 



30 M M I I 



shows o-linkage, 
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40 



45 



50 



55 



shows /.-linkage molecule, di-.ower a.Kylamino group, nitrogen- 

And. in the case where the compound i) nas. mi u atom in these 

(OlmR'W. »»IWX-. S(0)»R' «ral S (0>mR'R ! -X . espocaiy, in S R R X . pree 
methoxycyclohexanol chloride, etc. are preferable. 
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The said angiogenesis-inhibiting substance may optionally form salts, and examples of the salts include 
salts with inorganic bases, salts with organic bases, salts with inorganic acids, salts with organic acids, sans 
with basic or acid amino groups, etc. Examples of inorganic bases capable of forming these salts include 
alkali metal (e.g. sodium, potassium, tc), alkaline earth metal ( .g. calcium, magnesium, etc.), xamples of 
5 organic bases include trimethylamine, triethylamine. pyridine, picoline, N,N-dibenzylethylenediamine, 
ethanolamine, diethanolamine, trishydroxymethylaminomethane, dicyclohexylamine, etc., examples of in- 
organic acids include hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, etc., 
examples of organic acids include formic acid, acetic acid, trifiuoroacetic acid, oxalic acid, tartaric acid, 
fumaric acid, maleic acid, methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, etc.. and 
to examples of basic or acid amino acid include arginine, lysine, ornithine, aspartic acid, glutamic acid, etc. 

Preferable examples of the intravascular embolizing substances to be employed in the present 
invention include oils, which are conventionally used for preparing injectable preparations, such as castor 
oil, sesame oil or corn oil. conventional metals such as iron, ferrite, etc., insoluble salts of metals such as 
barium sulfate, ceramics such as calcium phosphate sinter e.g. hydroxy I apatite or calcium triphosphate 
T5 sinter, wax such as cholesterol, glycerol ester of fatty acid or silicone, etc., activated carbon, or a 
conventional natural or synthetic polymers as exemplified below, etc. Examples of the polymers include 
polypeptides, polysaccharides, poly-fatty acid ester. poly(amino acids), polyaldehyde, polyvinyl polymer, 
maleic anhydride polymer, etc. 

Furthermore, those polymers may be solidified as they are or cured with a cross-linking agent such as 
20 formaldehyde. The solidified polymers can be used as the intravascular embolizing agent of the present 
invention. 

The molecular weight of these polymers varies largely with the kinds of polymers, and with whether or 
not solidification or ^solubilization process of cross-linking or curing is conducted, and. while it is hardly 
mentioned definitively, it ranges from about 1.000 to 1,000,000, more preferably, from about 2.000 to 
25 800.000. 

Examples of the polypeptides include gelatin, collagen, elastin, albumin, hemoglobin, transferrin, 
globulin, fibrin, fibrinogen, keratin sulfate, etc. 

Examples of the polysaccharides include dextran, agarose, pullulan, chitosan, mannan, carrageenan, 
alginic acid, starch, amylose, amylopectin, pectin, lentinan. hyaluronic acid, hylan, ether cellulose (methyl 
30 cellulose, ethyl cellulose, carboxymethyl cellulose, carboxyethyl cellulose, hydroxyethyl cellulose, hydrox- 
ypropyl cellulose, etc.). 

Examples of the poly-fatty acid esters include, among others, homopolymers or copolymers of lactic 
acid, glycolic acid, hydroxy butyric acid, malic acid, citric acid, tartaric acid, etc. 

As, for example, copolymers of lactic acid - glycolic acid, those having a lactic acid/glycolic acid ratio 
35 (molar ratio) of 100/1 to 30/70. more preferably. 100/1 to 40/60 and a molecular weight of 1,000 to 100.000, 
more preferably, about 2,000 to 80,000. 

Examples of the poly(amino acid) includes poly--rbenzyl-L-glutamic acid, poly- 7 -methyl-L-glutamic 
acid, etc. 

Examples of the polyvinyl polymers include homopolymers and copolymers of ethylene, propylene. 

40 butadiene, acrylic acid, acrylic acid ester, methacrylic acid, methacrylic acid ester, vinyl acetate, vinyl 
chloride, vinyl alcohol, vinyl pyrrolidone, vinyl ether, vinyl carbazole. styrene. styrene derivatives, a-cyano 
acrylic acid ester, acrylamide, divinyl benzene, etc. 

Among these, gelatin, albumin, collagen, starch, hyaluronic acid, lactic acid - glycolic acid copolymers, 
etc., which are polymers dissolving or decomposing gradually in vivo, are preferable. 

45 The intravascular embolizing agent of the present invention". as~described in detail in the following, can 
be administered intraarterially in the state of an oil solution, emulsion or suspension. When the intravascular 
embolizing agent of the present invention is in the state of an emulsion or suspension, the particle size 
ranges preferably from 10 to 1000 urn. 

According to the present invention, the intravascular embolizing agent may be in the form of a mere 

so mixture of the angiogenesis-inhibiting substance with the above-described intravascular embolizing sub- 
stance or in the form of an agent prepared by allowing the angiogenesis-inhibiting substance to be included 
in the inner structure of the intravascular embolizing substance or adsorbed on the surface of the 
intravascular embolizing substance by a per se known method, the latter is preferable. 

For allowing the angiogenesis-inhibiting substance to be adsorbed more strongly, ion-exchange resin 

55 may be mployed as intravascular embolizing substance. Examples of supporting materials of ion-exchange 
r sin include dextran, agaros , cellulose, polystyrene etc. Examples of anionic type ones include DEAE 
Sephadex, QAE Sephad x, DEAE Sepharose, DEAE C llulose, QAE Cellulose and variuous types of 
Amb rlite-IRA. Dow x-1 , etc. Exampl s of catconic type ones include CM Sephad x, CM Sepharose. CM 
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Cellulose and various types of Ambeiirte-IR, Dowex-50W. (These examples are all manufactured by Sigma, 
Inc.) 

The agent of th present invention adsorbing the angiogenesis-inhibiting substance on the intravascular 
embolizing substance can be prepared by mere mixing th ion-exchange resin and the angiogen sis- 
5 inhibiting substance. 

While the dose of the angiogenesis-inhibiting substance depends on the strength of its pharmacological 
action, it is not specifically limited so long as it is effective, and the dose at one time is selected from the 
range of from 50 ug to 2 g, more preferably, from 200 ug to ig. In the case of above-mentioned fumagillin 
derivatives such as 6-0-(N-chloroacetylcarbamoyl)fumagillol and ^(N'-chloroacetylureido^-O^-epoxy-I.S- 

w dimethyl-4-hexenyl ,3-dihydrobenzo[c]thiophen-2-ylio)methyl-3-methoxycyclohexanol chloride, the 

dose at one time is selected from 0.5 to 500 mg. In case of the above specific compound, a dose of 500 
mg per adult person at one time and the administration of one time one month is quite enough for 
satisfactory effectiveness. And, while the concentration of the angiogenesis-inhibiting substance depends on 
the strength of its pharmacological effect, the solubility in water or organic solvent, particle-formability, etc., 

75 it ranges desirably from 0.01 to 95 weight % relative to the intravascular embolizing agent, especially from 
0.1 to 90 weight %. 

For allowing an angiogenesis-inhibiting substance to be included in an intravascular embolizing 
substance, a number of per se known methods can be used. For example, while described in detail in 
working examples, when both the intravascular embolizing substance and angiogenesis-inhibiting substance 

20 are soluble in an organic solvent, they are dissolved in, for example, dichloromethane, chloroform, ethyl 
acetate, isopropyl ether, etc., then the solution is dispersed in an aqueous phase containing a surfactant or 
a protective colloid, or spray-dried to evaporate off the organic solvent to provide microspheres of 
intravascular embolizing agent. In this case, the angiogenesis-inhibiting substance need not completely be 
dissolved. As the surfactant or the protective colloid, any one can be employed so long as it is capable of 

25 forming stable oil/water emulsion, for example, anionic surfactants (sodium oleate, sodium stearate, sodium 
lauryl sulfate, etc.), nonionic surfactants (polyoxyethylene sorbitan fatty acid ester, polyoxyethyelne castor 
oil derivatives, etc.), polyvinyl alcohol, polyvinyl pyrrolidone, carboxy methyl cellulose, lecithin, gelatin, etc 
can be used. These may be employed singly or in combination of two or more of them. Especially, 
polyvinyl alcohol, carboxymethyl cellulose and gelatin are preferable. The concentration is selected from the 

30 range of 0.01 to 20%, preferable 0.05 to 10%. 

For allowing a water-soluble angiogenesis-inhibiting substance to be included in an intravascular 
embolizing substance soluble in an organic solvent, for example, an aqueous solution of the angiogenesis- 
inhibiting substance is finely dispersed in a solution of the intravascular embolizing substance in such an 
organic solvent as mentioned above, then the organic solvent is evaporated to prepare microspheres of 

35 intravascular embolizing agent In this case also, the angiogenesis-inhibiting substance is not required to be 
completely dissolved. 

While the concentration of these intravascular embolizing substances in any of organic solvents is not 
specifically limited, it should be within the range giving the substance a viscosity enough to be dispersed as 
fine particles when dispersed in the aqueous phase for desoivation, i.e. the concentration is selected from 

40 the range of 1 to 80%. more preferably from 5 to 60%. 

For allowing an angiogenesis-inhibiting substance soluble in an organic solvent to be included in a 
water-soluble intravascular embolizing substance, the angiogenesis-inhibiting substance is dispersed as it is 
in an aqueous solution of intravascular embolizing substance such as an aqueous solution of albumin, or it 
is once dissolved in a volatile organic solvent, e.g. isopropyl ether to disperse the organic solvent solution of 

45 the angiogenesis-inhibiting substance in the aqueous solution of for example albumin as fine particles, then 
allowing the above-prepared liquid preparation to be dispersed in an oily phase of e.g. soybean oil or 
silicone oil, followed by solidification to give microspheres of intravascular embolizing agent. For the 
solidification, there are known several methods, for example, heating the dispersion at 120 to 160* C or 
subjecting the dispersion to cross-linking with, for example, formaldehyde or glutaraldehyde. When said 

so liquid preparation is disperesed in an oily phase, for forming a stable water/oil type emulsion, a surfactant, 
for example, sorbitan monooleate or sorbitan sesquioleate may be added, and its concentration is selected 
from the range up to 20%. 

Further, in case when both of the substances are soluble in water, both are dissolved in water, then the 
aqueous solution is dispersed in e.g. the above-mentioned silicone oil phase, followed by the same 

55 solidification process as m ntion d above to give an intravascular mbolizing agent. 

In the cas f th s water-soluble intravascular mbolizing substanc s as w II, the concentration is not 
specifically limited but should be within such a range as giving th s substances a viscosity enough to be 
dispers d as fine particles when dispersed in an oily phase, i. . th c nc ntration is selected from th 
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range of 1 to 80%. more preferably 2 to 60%. 

Us of the intravascular embolizing agent containing the angiogenesis-inhibiting substance and the 
intravascular mb Ilztng substance of the present invention in concert with an antineoplastic ag nt is more 
ffective. The antineoplastic agent may be mixed with, or allowed to be contained in the above-mentioned 
5 intravascular embolizing agent. 

As the method for the latter case, a per se known method is employed, depending on whether the 
antineoplastic agent is soluble in water or an organic solvent in the same manner as in the above-described 
method for allowing a angiogenesis-inhibiting substance to be included in an intravascular embolizing agent. 
And, in this case, an intravascular embolizing agent containing an intravascular embolizing substance, an 

to angiogenesis-inhibiting substance and an antineoplastic agent may be administered, or a mixture of (1) an 
intravascular embolizing agent containing an intravascular embolizing substance and an angiogenesis- 
inhibiting substance and (2) an intravascular embolizing agent containing an intravascular embolizing 
substance and an antineoplastic agent may be administered. Examples of the antineoplastic agent include 
alkylating agents such as nitrogen mustard-N-oxide hydrochloride, cyclophosphamide. thio-TEPA, carbocon. 

75 chlorambucil, nimustine hydrochloride, ifosfamide. melphalan, dacarbazine. uracil mustard, mannomustine, 
dopan, BCNU, triethylenemelamine, aza-TEPA, trenimon. isoprocuon, busulfan, dimethyl mirelan. piposulfan, 
etoglucid, epoxypropidine, epoxypiperazine, hexamethylmelamine, dibromomannitol and pipobroman; meta- 
bolic antagonists such as aminopterin, methotrexate, carmofur, guanine, 8-azaguanine, mercaptopurine, 
thioinosine, azathiopurine, uracil, fluorouracil, tegafur, SITARAB1N, ancitabine hydrochloride, enocitabine. 

20 azaserine and diazomycin; antibiotics such as actinomycin D. cyclomycin. mitomycin C. daunomycin. 
daunorubicin hydrochloride, doxorubicin hydrochloride, bleomycin hydrochloride, bleomycin sulfate, neocar- 
zinostatin. peplomycin sulfate, aclarubicin hydrochloride, chromomycin A3, epilubisin hydrochloride, an- 
samycin, carzinophilin and pyralvicin; plant alkaloids such as vinblastine sulfate, vincristine sulfate, vin- 
desine sulfate and etoposide; platinum complexes such as cisplatin and carboplatin; and others such as Hg- 

25 hematoprophyrin, Co-protoporphyrin. procarbazine hydrochloride, estramustine phosphate sodium, 
ranimustine, mitoxantrone, doxifluridine and L-asparaginase. 

While the dose of the antineoplastic agent depends on the strength of its pharmacological effect ii is 
not specifically limited, if only the dose at one time is selected from the range of 50 ug to 2 g. In the case 
of popular antineoplastic agents, such as doxorubicin hydrochloride, cisplatin, mitomycin C, and bleomycin 

30 hydrochloride, the dose at one time is selected from 0.1 to 500 mg. And, while the concentration of the 
antineoplastic agent in the intravascular embolizing agent depends on the strength of its pharmacological 
effect, the solubility in water or organic solvent, particle-formability, etc.. it ranges from 0.1 to 90% in the 
intravascular embolizing agent. 

The intravascular embolizing agent of the present invention is used as it is, or by dispersing, before or 

35 at the time of use in a proper pharmaceutical I y acceptable carrier, for example dispersing vehicle or a 
contrast medium such as lipiodol. Examples of the dispersing vehicle include injectable distilled water in 
which a dispersing agent (e.g. polyoxysorbitan fatty acid ester, carboxymethyl cellulose, etc.), a preservative 
(e.g. methylparaben, propylparaben, etc.) and an isotonizing agent (e.g. sodium chloride, mannitol. glucose, 
etc.), or a vegetable oil such as sesame oil, corn oil, etc. The intravascular embolizing agent dispersed thus 

40 above is administered through a catheter into tumor-dominating artery from a relevant artery while 
monitoring with an angiographic agent. In the case of liver cancer, the intravascular embolizing agent is 
administered selectively as much as practicable at the site of tumor through catheter inserted into hepatic 
artery from gastroduodenal artery. While the dose varies with the kind, amount, particle size and 
decomposability of the intravascular embolizing substance; with the kind. site, size of the tumor; and with 

45 the kind and amount of the angiogenesis-inhibiting substance, it ranges from 1 mg to 10 g for one time, 
more preferably from 5 mg to 5 g. In the case of microspheres of lactic acid-glycolic acid copolymer (lactic 
acid/glycolic acid = 75/25 molar ratio, average molecular weight 10500) containing above-mentioned 
fumagillol derivertives such as 6-0-(N-chloroacetylcarbamoyl)fumagillol and 4-(N'-chloroacetylureido)-2-(1,2- 
epoxy-1,5-dimethyl-4-hexenyl)-1-(1.3-dihydrobenzo[c)thiophen-2-ylio)methyl-3-methoxycylohexanol chloride. 

so the dose is selected from 10 mg to 2 g. 

In case of the above microsphere, a dose of 2g per adult person at one time and the administration of 
one time one mouth is quite enough for satisfactory effectiveness. 

Since the intravascular embolizing agent of the present invention is administered into tumor-dominating 
artery, the agent is required to satisfy the requirements for conventional injections. Preferable examples of 

55 the mbolizing agent, while depending on the stability f the c nstituents, i.e. the intravascular embolizing 
substanc and the angiogen sis-inhibiting substance, inciud oily pr parations containing the angiogenesis- 
inhibiting substance r those to be diss Ived or dispersed at the time of us , or solid r powd ry 
pr parations using th afore-mention d materials and, besid s, using biodegradable mat rials to be 
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dissolved and dispersed at the time of use. And, to this emboiizing agent may be added a preservative, 
stabilizer, isotonizing agent, solubilizer, dispersing ag nt dilu nt, etc. conveni ntly usable for inj ctions. The 
tumor, to which the intravascular emboiizing agent containing the angiogenesis-inhibiting substance of the 
present invention is applicable, may be any one into the dominating artery of which a catheter can be 

5 inserted selectively, irrespective of whether the cancer may be primary or metastatic. At present, tumors to 
which this chemoembolization is applied most frequently are inoperable hepatic tumors, and the inoperable 
renal tumors. However, in view of the advanced level of medical technique, selective insertion of a catheter 
into the artery of almost all organs is considered possible ["Douchu Gan Kagaku Ryoho" (Chemotherapy of 
Tumors by Arterial Injection), under the supervision of Hironobu NAKAMURA and Tetsuo TAGUCHl, 

10 published by "Gan To Kagaku Ryoho Sha" (1986)]. and this therapeutic method is applied more widely. 
Therefore, the intravascular emboiizing agent of this invention is effective for the chemotherapy by 
intraarterial injection now often applied to tumors including hepatic tumor, renal tumor, pyelo tumor, 
pancreatic tumor, urinary bladder tumor, prostatic tumor, breast cancer, stomach cancer, large intestinal 
tumor, colonic tumor, etc. The intravascular emboiizing agent containing the angiogenesis-inhibiting sub- 

1$ stance of the present invention is useful for the anti-tumor therapy of the warm-blooded animals preferably 
mammals such as human, monkey, horse cattle, swine, dog, rabbit, sheep, rat, mouse etc. [Working 
Examples] 

The following working examples further illustrate the present invention, but do not intend to limit the 
scope of the invention. 

20 

Example 1 

45 mg of 6-0-(N-chloroacetylcarbamoyl) fumagillol (hereinafter simply called "Compound a") and 2 g of 
a lactic acid - glycolic acid copolymer (hereinafter abbreviated as PLGA, lactic acid/glycolic acid = 75/25 

25 molar ratio, weight average molecular weight 10500) were dissolved in a mixture of 2 g of dichloromethane 
and 0.7 g of chloroform. The resultant solution was poured into 400 ml of 0.1 % aqueous solution of 
polyvinyl alcohol to give an emulsion by the use of a small-sized homogenizer. The organic solvent in this 
emulsion was volatilized under stirring. The microspheres(hereinafter abbreviated as msp) thus obtained 
were collected by a centrifuge. The microspheres were again dispersed jn distilled water, which was further 

30 subjected to centrifuge to remove untrapped chemicals, followed by collecting msp. The msp was subjected 
to freeze-drying to complete desolvation and dehydration. 

Example 2 

35 A cell-suspension of VX 2 carcinoma was transplanted subcutaneously to male Kbl:JW rabbits at the site 
under the knee of the right hind leg. These animals were divided into four groups two weeks after the 
transplantation. Each group of test animals were injected from the upper site of the homolateral femoral 
artery (i.a.) with a dispersion of 50 mg of polystyrene (hereinafter abbreviated as PS) msp (average particle 
size : 50 urn) in the solution containing 1 mg of "Compound a", with the same amount of only PS msp 

40 suspended in dispersing vehicle, and with the same dose of "Compound a" solution, respectively. On the 
5th day after the administration, the volume (major axis x minor axis x height of the tumor) was measured. 
The volume of the tumors in each group before the administration was assumed as 100%, and the relative 
values (V5/V0. %) and the volume ratios (T/C, %) relative to the untreated control group were shown by 
Table 1. 

45 

Table 1 



55 



Treatment (i.a.) 


Number of 
animals 


V5/V0(%) 


T/C(%) 


Control 


10 


227 


100 


"Compound a" 


3 


175 


77 


PS 


4 


134 


59 


"Compound a" + PS 


2 


81 


36 



In the intraarterial injection of PS msp without drug or "Compound a" solution, the volume of the tumor 
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was suppressed to 59% or 77% of that in th control group, but 134% or 175% relative to that before 
treatment, r spectively. On the other nand. by the mbolization after coadminist ring intraarteriaJly the 
angiogenesis-inhibiting agent "Compound a" and PS msp, the volume of the tumor was r due d to 81% o1 
that before administration and suppressed to 36% relative to that of the control group. 

5 

Example 3 

Fifty mg of PLGA msp(msp-l) containing 1 mg of "Compound a" prepared in Example 1. 50 mg of 
PLGA msp(msp-p) not containing drug, or 1 mg of drug solution was injected each intraarterial ly to 
io determine the anti-cancer activities similarly as Example 2. On the 7th day after the administration, the 
tumor volume % of that before the administration (V7/V0,%) and volume ratios (T/C,%) relative to the 
untreated control group were shown in Table 2. And, anti-cancer effects in the group to which the solution 
containing 1 mg of "Compound a" was administered into auricular vein (i.v.) three times. 0, 2nd and 5th 
day, were similarly evaluated. Incidentally, particle sizes of msp-1 and msp-p are both 25 to 125 um. 

15 

Table 2 



Treatment 


Number of 
animals 


V7/V0(%) 


T/C(%) 


Control 


10 


358 


100 


Solution (i.a.) 


3 


247 


69 


msp-p (i.a.) 


4 


225 


63 


msp-1 (i.a.) 


5 


41 


11 




2 




QO 

0£ 



In the intraarterial injection of msp-p or drug solution, the volume of the tumor increased to 225% or 
247% of that before the embolization, and 63% or 69% relative to that in untreated groups, respectively. On 
the other hand, by the embolization with msp-1 including the angiogenesis-inhibiting substance, "Compound 
a", the size of the tumor was reduced to 41% relative to that before administration, and 11% relative to that 
in untreated group. The T/C value obtained here is about 1/8 of that obtained by intravenous injection of 
"Compound a" at the total dose of three times as much in embolization, performing remarkable anti-cancer 
effects, and lowering of side-effects brought by decrease of the dose can be expected. Example 4 

Fifty mg of PLGA(msp-2) containing 1.5 mg of ecr-fN'-chloroacetylureidoHS-desoxyfumagillol (hereinafter 
abbreviated as "Compound b") prepared by substantially the same manner as in Example 1 or the same 
amount of PLGA msp (msp-p) not containing "Compound b" was injected each intraarterial^ to determine 
the anti-cancer effects similarly as Example 2. Results on the 7th day after the administration were shown in 
Table 3. Incidentally, particle sizes of msp-2 and msp-p are both 25 to 125 um. 

Table 3 



50 



Treatment (i.a.) 


Number of 
animals 


V7/V0{%) 


T/C(%) 


Control 


10 


358 


100 


msp-p 


4 


225 


63 


msp-2 


2 


31 


9 



In the embolization with msp-p, the volume of the tumor was increased to 225% relative to that before 
the embolization and 63% relative to that of the control group, while, in the embolization with msp-2 
55 c ntaining an angiogen sis-inhibiting substanc , "Compound b". the volum of the tumor was reduc d to 
31% as compared with that before administration and 9% as compared with that in the control group, which 
was a remarkable effect. 
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Example 5 

A dispersion of SO mg of in the -jueou, ^^*£T2X?tttt 
after abbreviated as DOX). a d.spers.on of 50 mg PUV ^ ^ hen-a-yUOmethyM- 
cHoroacetyluieido^ a P pueous solution of 1 mg 

me thoxycyclohexanol chloride (heremafter abbrevated as ^^^^ I m ab0 ve-mentioned 
of DOX. a dispersion of 50 mg of msp-p in a s.mrta »^" S "'^0^^ the anti-cancer activities 

before the administration was shown in Table 4. The 
particle size of msp-3 is 25 to 125 urn. 

Table 4 



75 



20 



25 



30 



35 



40 



Treatment (i.a.) 


Number of 
animals 


5th day 


7th day 


9th day 


Control 


10 


227 


358 


468 


DOX 


4 


162 


324 


377 


msp-p + DOX 


4 


70 


89 


182 


msp-1 + DOX 


5 


24 


19 


23 


msp-3 + DOX 


2 


27 


20 


28 



50 



After intraarterial injection of only DOX so.ution. the growth of the tumor was inhibited compared with 
untreated control but the volume of the tumor «™ n «™™«- volume of ^ tumor was reduced to 

In the embolization with coadm.n.strat.on of msp-p and m °°* ™ t0 that before embolization. 

70% on the 5th day and 89% on the 7th day after * *" 182% relative to that 

but on the 9th day after the *™^ m >**^^^^ZZ DOX and msp-1 or msp-3 
before embolization. On the contrary, m the embol.zaton by c^.n.swauon^ respectively 

anti-cancer effects. 
Example 6 

... . j -rn «i "rnmnound e" and 2.9 g of bovine serum albumin (BSA). 
,n 4.5 ml of water, were d.ssolved 70 mg of ^WW* "'Jwrtin sesquioleate. then the mixture 
This solution was added to 80 mi of sesame f^T*^ VfSEZEZ. 20 ml of sesame oil. in 
was m ade into a water/oil emulsion by ^J^T^ZZ J aa*d o *e emulsion. The mixture was 

^^^^ 

BSA) containing "Compound c . 
Example 7 

msp-BSA is 25 to 75 um. 



55 
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Table 5 



Treatment (La) 


Number of 
animals 


V7/V0(%) 


T/C(%) 


Control 


16 


350 


100 


msp-3 


3 


59 


17 


msp-BSA 


3 


50 


14 



TO 

In the control group, the volume of the tumor increased to 350% on the 7th day after starting the 
treatment On the other hand, in the test groups which were respectively administered with msp-3 and msp- 
BSA, the volumes were reduced to 59% and 50% respectively, corresponding to 17% and 14% respec- 
is tively relative to the volume of the tumor in the control group. 

Example 8 

One ml of lipidol (hereinafter abbreviated as LPD) in which 1 mg of "Compound a" or "Compound c" 
was dissolved or dispersed, were administered intraarterially to determine the anti-cancer activities similarly 
as Example 2. On the 5th day after the administration, the volume of the tumors was measured and the 
results are shown in Table 6. 

Table 6 



Treatment (i.a.) 


Number of 
animals 


V5/V0(%) 


T/C(%) 


Control 


16 


219 


100 


LPD + "Compound a" 


4 


66 


39 


LPD + "Compound c" 


3 


111 


51 



In the untreated group, the volume of the tumor increased to 219% on the 5th day after the start of the 
35 test. On the other hand, in the test groups which were respectively administered with "Compound a" and 
LPD, and with "Compound c" and LPD, the volumes were 86% and 111% respectively, corresponding to 
respectively 39% and 51% of the volume of the tumor in the untreated group, thus remarkable effect of 
reducing the size of tumors being observed. 

The human cancer is effectively treated in the same manner as above. 
40 The intravascular embolizing agent containing the angiogenesis-inhibiting substance and the in- 
travascular embolizing substance of the present invention, with the administration of a relatively small 
dosage amount, enhances the anti-tumor effect of the angiogenesis-inhibiting agent and to reduce the dose 
and undesirable side effects. And, use of the intravascular embolizing agent in concert with an an- 
tineoplastic agent shows further strong and long-lasting antitumor effect, thus the agent is remarkably useful 
45 a chemo-embolizing agent against malignant tumors. 

Claims 

1. An intravascular embolizing agent containing an angiogenesis-inhibiting substance and an intravascular 
so embolizing substance. 

2. An intravascular embolizing agent as claimed in Claim 1 being in the state of an oil solution, an 
emulsion or a suspension. 

55 3. An intravascular mbolizing agent as claimed in Claim 1 being in th stat of an emulsion or 
suspension containing granul s whos siz rang s from 10 to 1000 urn. 

4. An intravascular embolizing agent as claim d in Claim 1 wh r in the angiogen sis-inhibiting substance 
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is a fumagiiiol derivative. 

5. An intravascular embolizing agent as claimed in Claim 1 wherein the angiogenesis-inhibiting substance 
is 6-0-(N-chloroac tylcarbamoyl)fumagilloL 

6. An intravascular embolizing agent as claimed in Claim 1 wherein the angiogenesis-inhibiting substance 
is 6o-(N'-chloroacetylureido)-6-desoxy fumagiiiol. 

7 An intravascular embolizing agent as claimed in Claim 1 wherein the angiogenesis-inhibiting substance 
is 4-(N'-chloroacetyluredio)-2-(1 ,2-epoxy-1 .5-dimethyl-4-hexenyl)-1 -(1 ,3-dihydrobenzo[c]thiophene-2- 
ylio)methyl-3-methoxycyclohexanol chloride. 

8. An intravascular embolizing agent as claimed in Claim 1 characterized by having the angiogenesis- 
inhibiting substance included in the intravascular embolizing substance. 

9. An intravascular embolizing agent as claimed in Claim 1 characterized by that the angiogenesis- 
inhibiting substance is adsorbed on the intravascular embolizing substance. 

10 An intravascular embolizing agent as claimed in Claim 1 wherein the intravascular embolizing sub- 
stance is an oil, a metal, an insoluble salt of metal, a ceramic, wax. activated carbon, polypeptide, 
polysaccharide, hydroxycarboxylic acid polymer, polyamino acid, polyaldehyde, polyvinyl polymer or 
maleic anhydride polymer. 

11. An intravascular embolizing agent as claimed in Claim 1 wherein the intravascular embolizing sub- 
stance is a polymer which gradually dissolves or decomposes in a living body. 

12. An intravascular embolizing agent as claimed in Claim 1 wherein the intravascular embolizing sub- 
stance is gelatin, albumin, collagen, starch hyaluronic acid or lactic acid-glycolic acid copolymer. 

13. An intravascular embolizing agent as claimed in Claim 1 wherein the intravascular embolizing sub- 
stance is a lactic acid-glycolic acid copolymer whose molar ratio of lactic acid and glycolic acid is in 
the range of 100/1 to 30/70 and molecular weight ranges from 1,000 to 100,000. 

14. An intravascular embolizing agent as claimed in Claim 1 wherein the angiogenesis-inhibiting substance 
is a fumagiiiol derivative and the intravascular embolizing substance is a lactic acid-glycolic acid 
copolymer. 

15. An intravascular embolizing agent as claimed in Claim 1 wherein the angiogenesis-inhibiting substance 
is 6-0-(N-chloroacetylcarbamoyl)fumagillol and the intravascular embolizing substance is a lactic acid- 
glycolic acid copolymer. 

16. An intravascular embolizing agent as claimed in Claim 1 wherein the angiogenesis-inhibiting substance 
is 6a-(N'-chloroacetylureido)-6-desoxy fumagiiiol and the intravascular embolizing substance is a lactic 
acid-glycolic acid copolymer. 

17. An intravascular embolizing agent as claimed in Claim 1 wherein the angiogenesis-inhibiting substance 
is 4-(N'-chloroacetyluredio)-2-(1 ,2-epoxy-1 ,5-dimethyl-4-hexeny l)-1 -(1 ,3-dihydrobenzo[c]thiophene-2- 
ylio)methyl-3-methoxycyclohexanol chloride and the intravascular embolizing substance is lactic acid- 
glycolic acid copolymer. 

18. An intravascular embolizing agent as claimed in Claim 1 characterized by the agent further contains an 
anti-neoplastic agent. 

19. A pharmaceutical^ acceptable composition which comprises an intravascular embolizing agent as 
claim d in claim 1 and a pharmaceutical^ acceptable carrier. 

20. Use of an intravascular embolizing agent as claimed in Claim 1 for the preparation of a pharmaceuti- 
cal^ acceptabl composition for treatm nt of cane r. 



13 



J 



Europ an 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Application Number 

EP 91 11 3173 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate, 
otr 



Relevant 
to claim 



CLASSIFICATION OF TIC 
APPLICATION (int. CL5) 



A,P 



CHEMICAL ABSTRACTS, vol. 114, no. 12. 25th March 1991. 

abstract no. 1 08951 x. Columbus. Ohio. US; 

& JP-A-02 223 525 (T. KANAMARU) 05-09-1990 

& CA-A-2 002 814 (WPIL. AN 90-217 294 (29)) (16-05-1990) 

(Cat. A) 

EP-A-0 325 199 (TAKEDA CHEMICAL INDUSTRIES LTD) 



1-20 



1-20 



A 61 K 37/12 

A 61 K 31/765 

A 61 K 31/725// 
(A 61 K 37/12 

A 61 K 31:765 

A 61 K 31:725 

A 61 K 31:335) 



TECHNICAL FIELDS 
I (int. CI.5) 



A 61 K 



Tha pratant search raport has t 



i drawn up for all claims 



Placa of saaren 



The Hague 



Data of eompiotion of saarch 

15 November 91 



BRINKMANN C. 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant If taken alona 
Y : Darttcutarty ralavant If combined with anothar 

document of the same category 
A: technological background 
O: non-written dlacloaura 
P : Intermediate document 
T : theory or principle underlying the Invention 



E : earner patent document, but published on. or attar 

the filing date 
D : document cited In the application 
L : document cited tor other reasons 

4 : member of the same patent family, corresponding 



